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We investigated the biodegradation of textile efﬂuent by two fungal strains.
 Aerated and non-aerated bioreactors were employed.
 Indigo was found in efﬂuent.
 Phanerochaete chrysosporium produced a mutagenic methabolite.
 Curvularia lunata showed to be more effective for reducing the toxicity of efﬂuent.a r t i c l e i n f o
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Phenoloxydasesa b s t r a c t
Investigations on biodegradation of textile efﬂuent by ﬁlamentous fungi strains Curvularia lunata URM
6179 and Phanerochaete chrysosporium URM 6181 were performed in static bioreactors under aerated
and non-aerated conditions. Spectrophotometric, HPLC/UV and LC–MS/MS analysis were performed as
for to conﬁrm, respectively, decolourisation, biodegradation and identity of compounds in the efﬂuent.
Enzymatic assays revealed higher production of enzymes laccase (Lac), lignin peroxidase (LiP) and man-
ganese-dependent peroxidase (MnP) by P. chrysosporium URM 6181 in aerated bioreactor (2020; 39 and
392 U/l, respectively). Both strains decolourised completely the efﬂuent after ten days and biodegrada-
tion of the most predominant indigo dye was superior in aerated bioreactor (96%). Efﬂuent treated by
P. chrysosporium URM 6181 accumulated a mutagenic metabolite derived from indigo. The C. lunata
URM 6179 strain, showed to be more successful for assure the environmental quality of treated efﬂuent.
These systems were found very effective for efﬁcient fungal treatment of textile efﬂuent.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Increases in human population and their subsequent industrial
activities brought about a series of environmental concerns. Spe-
cial attention has been given to the textile industries due to the
discharge of large quantities of efﬂuents containing dyes and other
chemicals products used in the productive chain (Cotta et al.,
2006). Efﬂuents from the textile industries are easily identiﬁable
because of their intense colourisation attributed to the presence
of dyes. When these industrial efﬂuents are discharged into the
aquatic ecosystems, can cause serious perturbations as: (i) alter-ation of the solubility of gases in the water; (ii) persistence in envi-
ronment due to their bio-recalcitrance; and (iii) toxicant effects
due to the mutagenicity and/or carcinogenicity of their intermedi-
ate compounds. Well-known physical and chemical treatments
have been employed to remove or eliminate dyes and dyes deriv-
atives from efﬂuent, but, these methods frequently showed to be
not economically feasible (Mohana et al., 2007). Furthermore, sev-
eral studies indicate that all the known physical, chemical and bio-
logical techniques alone might not be able to meet the
requirements (Peralta-Zamora et al., 2003). Some microorganisms
have been studied in their ability for decolourise dyes. The effec-
tiveness of microbial decolourisation/degradation depends on the
cell activity and cell adaptation (Aksu et al., 2007; Jadhav et al.,
2007; Dave and Dave, 2009). Researches on degradation of
xenobiotics have shown that bacteria and fungi are extremely
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fungi, the basidiomycetes are considered to be efﬁcient producers
of extracellular enzymes by means of their ligninolytic systemwith
low substrate speciﬁcity, making them suitable for degradation of
various compounds. The fungal ligninolytic system consists of
three major enzymes: lignin peroxidase – LiP (EC 1.11.1.14), man-
ganese-dependent peroxidase – MnP (EC 1.11.1.13) and laccase –
Lac (EC 1.10.3.2) (Banat et al., 1996; Cajthaml et al., 2008). These
enzymes are capable to recognize and degrade a large variety of
xenobiotic compounds such as organochloride pesticides, polyaro-
matic hydrocarbons, phenols and explosives (Sue et al., 2000). In
the case of dyes, fungal oxidative enzymes employ the same mech-
anisms used in nature, resulting in a complete decolourisation as a
consequence of their action on the chromophoric group (Adosinda
et al., 2003). Others non-basidiomycetes fungi have demonstrated
the ability to degrade dyes, although the mechanisms used by
these fungi are still not completely understood. Reports show that
non-basidiomycetes fungi as Cunninghamella elegans ATCC36112
strain are able to metabolize the dye Malachite Green in 24 h
(Ambrósio and Campos-Takaki, 2004). Few reports on the produc-
tion of ligninolytic enzymes by these fungi are found in the litera-
ture, demonstrating the need for further studies. Many studies
have demonstrated the ability of these organisms to degrade dyes
as pure compounds, but there are few reports on their abilities for
treat complexes efﬂuents. Scaling-up of treatments from shake-
ﬂasks to bioreactors in non-sterile conditions represents an impor-
tant step toward development of industrial process for treating this
sort of efﬂuent (Anastasi et al., 2010, 2012; Blanquez et al., 2008).
In the city of Caruaru, State of Pernambuco, Brazil, one of the
major environmental concerns is the water pollution related to
the discharge of efﬂuent generated as a consequence of local textile
industry activities. These efﬂuents are discharged in the rivers after
conventional treatment. Once the reuse of treated water is a com-
mon alternative to minimize water scarcity in region, the assur-
ance of environmental quality of treated water is crucial. This
work aimed at the investigation of the effectiveness of both aerated
and non-aerated static bioreactors for the textile efﬂuent biodegra-
dation, employing ﬁlamentous fungi Phanerochaete chrisoporium
and Curvularia lunata, considering the toxicological quality of trea-
ted efﬂuent.2. Methods
2.1. Microorganisms
Fungal strains of P. chrysosporium URM 6181 and C. lunata URM
6179 were purchased from Culture Collection URM (Departamento
de Micologia, Centro de Ciências Biológicas, Universidade Federal
de Pernambuco, Brazil), and maintained in potato dextrose agar
(PDA) medium at 4 C, until utilization.
2.2. Efﬂuent
Textile efﬂuent was sampled directly from storage tanks of local
industrial plant situated in the city of Caruaru (817’S, 3558’W),
Pernambuco State, Brazil. In order to obtain a composite sample,
different sampling points at different depths were selected, and
proportional amounts of subsamples from each point were col-
lected and blended. Determinations of pH, biochemical oxygen de-
mand (BOD) and chemical oxygen demand (COD) were performed.
2.3. Operating conditions of bioreactors
In order to evaluate the effect of aeration on biodegradation of
dye present in the textile efﬂuent, two sets of experiments wereemployed: (a) without any aeration; and (b) constantly aerated
at 1vvm. A non-inoculated bioreactor was used as abiotic control;
other two groups of bioreactors were inoculated with seventy-ﬁve
agar discs (6 mm diameter) of grown mycelia of P. chrysosporium
URM 6181 and C. lunata URM 6179, respectively, previously grown
on malt extract agar (MEA). Each bioreactor contained textile efﬂu-
ent and growth medium (composition in grams of component per
liter of efﬂuent: yeast extract 0.25 g; KH2PO4 1.0 g; MgSO4 0.25 g;
CuSO4, 0.01 g; MnSO4 0.08 g). Growth medium components were
directly diluted in efﬂuent. The pH of medium was adjusted to
7.5 and bioreactors temperature maintained at 28 C in dark. Bio-
reactors consisted of a cylindrical vessel (capacity 15 l), 5 l working
volume, equipped with air diffusers, and operated without stirrers.
Aeration was allowed by means of the air diffusers which were
turned off for the non-aerated experiments.2.4. Analytical methods
2.4.1. Evaluation of efﬂuent decolourisation
Two-milliliter aliquots were withdrawn from bioreactors at
every 24-h intervals, during 10 days as for to verify the decolouri-
sation of textile efﬂuent, by means of reductions in the absorbance
ratios (absorbance at 670/absorbance at 640 nm) (spectrophotom-
eter SCHIMADZU – 1240/UV-MINI). The percentage of decolourisa-
tion was calculated as follows:
D% ¼ AbsT0  AbsTxAbsT0 x100
where D% = decolourisation percentage.
AbsT0 = initial absorbance ratio.
AbsTx = absorbance ratio at considered time.2.4.2. Evaluation of efﬂuent biodegradation
Biodegradation of the indigo dye present in the efﬂuent was
evaluated at 24-h intervals during ten days by high performance li-
quid chromatography (HPLC) using a chromatographic system
Waters™ model 2487, pump 600, UV dual detector. A reversed-
phase octadecyl sylane column Hypersil BDS C18 Thermo™
(dimensions: 150 mm  4.5 mm, 5 micrometers particle size) was
employed. Samples were analyzed at wavelengths of 316 nm and
256 nm. The mobile phase consisted of methanol/water 85:15.
Flow rate was 0.2 ml/min, and elution was carried out in isocratic
mode. The biodegradation rate was stated as the percentage of
reduction of chromatographic peaks area of each sample, related
to the chromatographic peak area of the untreated efﬂuent sample.2.4.3. Identiﬁcation of compounds
Identiﬁcation of compounds was performed by employing a
chromatographic system Waterstm comprised of a liquid chro-
matograph coupled to mass spectrometer ‘‘tandem-in-space’’
(LC-MS/MS), pump model 2695, mass detector triple quadrupole
model Micromass Quattro Micro API™. Twenty-microliter samples
were withdrawn from the bioreactors (treated efﬂuent with P.
chrysosporium URM 6181 and C. lunata URM 6179 after 10 days
of process), ﬁltered and loaded on the mass spectrometer injection
port by direct infusion. Mass spectrometer worked in scan mode,
scanning mass ranging from 235 to 300m/z (mass per charge),
based on the mass of indigo dye [2,20-Bis(2.3-dihydro-3-3oxoindol-
yliden), Indigotin]. The negative Electron Spray Ionization (ESI) was
the Ionization mode employed. The mass spectrum of untreated
efﬂuent was assumed as the reference as for to compare and verify
possible modiﬁcations in molecular structure along with the
process.
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After ten days of treatment, phenoloxidades enzymes activities
(Lac, LiP and MnP) were quantiﬁed in efﬂuent treated by both fungi
strains. All enzymatic activities were measured spectrophotomet-
rically (Shimadzutm 1240 UV/MINI). The Lac activity was deter-
mined using 2,2-azino-bis ethylbenzthiazoline acid (ABTS)
method according to the procedures described by Buswell et al.
(1995), which consisted in the oxidation of ABTS radical in a mix-
ture of 0.1 ml buffer sodium acetate 0.1 M (pH 5.0); 0.8 ml ABTS
solution 0.03% (w/v) and 0.1 ml enzymatic extract. Oxidation of
ABTS was measured by monitoring the increase of absorbance at
420 nm. The MnP activity was measured by direct oxidation of
phenol red at 610 nm as determined by Kuwahara et al. (1984).
The reactive mixture consisted of 500 ll of enzyme extract;
100 ll of phenol red (0.01% w/v); 100 ll of sodium lactate
(0.25 M); 200 ll of bovine serum albumin (0.5% w/v); 50 ll MnSO4
(2 mM); 50 ll hydrogen peroxide in sodium succinate buffer
(20 mM, pH 4.5). The mixture was incubated at 30 C for 5 min
and the reaction was stopped by adding 40 ll of NaOH (2 N). The
LiP activity was determined by oxidation of veratryl alcohol as de-
scribed by Buswell et al. (1995). The reactive mixture consisted of
1 ml of sodium tartrate buffer 125 mM (pH 3.0); 500 ll of veratryl
alcohol (10 mM); 500 ll of hydrogen peroxide (2 mM) and 500 ll
of enzymatic extract. The reaction was initiated by addition of
hydrogen peroxide and the absorbance was determined at
310 nm. Results were expressed in terms of enzyme unit, which
is deﬁned as 1.0 lmol of product formed per minute under the as-
say conditions.2.6. Assessment of efﬂuent toxicity
To evaluate the process efﬁciency in terms of environmental
quality of generated products, toxicity assays were performed in
samples collected at 5, and 10 days of process. These assays were
accomplished using seeds of Allium cepa maintained under contin-
uous germination stimulation in Petri dishes, according to Leme
and Marin-Morales (2009). After ﬁve-day exposure period,
15.0 mm root tips of developed A. cepa were ﬁxed in Carnoy re-
agent 3:1 (3 parts of ethanol: 1 part of acetic acid) and hydrolyzed
in 1 N HCl at 60 C for 10 min. Acetoorceine was used as chromo-
some dye and 10 mitosis samples were prepared from control
and treatment groups via squash preparations. The meristematic
tissue of roots was microscopically observed as for to verify possi-
ble chromosomal aberrations/cell nucleus abnormalities caused by
efﬂuent. A toxicant compound Triﬂuralin (0.84 ppm) was em-
ployed as the positive control due to its efﬁciency for promoting
chromosomal abnormalities. Ultra pure water was employed as
the negative control.
Chromosome aberrations (CA) are typiﬁed by changes in either
chromosomal structure or in the total number of chromosomes,
which can occur both spontaneously and as a result from exposure
to physical or chemical agents (Leme and Marin-Morales, 2009). In
current study, were investigated the effects of efﬂuent on tested A.
cepa cells by observing CA such as: anaphase with chromosome
bridge (AB); metaphase with chromosome loss (ML); metaphase
with chromosome adherence (MA); metaphase with chromosome
break (MB); telophase with delay (TD) and telophase with chromo-
some bridge (TB).
Additionally, Mutagenicity Index (MtI) was calculated to esti-
mate the action of treated and untreated efﬂuent on A. cepa chro-
mosomes, by means of observation and quantiﬁcation of cells with
chromosomal ruptures in metaphase phase, which was assumed as
the ratio between the number of altered cells (ML and MB) and the
number of total observed cells. Results were expressed in percent-age and compared to negative control employing statistical test of
Mann–Whitney (level of signiﬁcance 0.05).3. Results and discussion
3.1. Characterization of efﬂuent and identiﬁcation of compounds
Values of: 167.00 mg/l, for the biochemical oxygen demand
determination (BOD); 354.00 mg/l, for the chemical oxygen
demand determination (COD); and 0.47 (dimensionless number),
for the BOD/COD calculated ratio, conﬁrmed the application of
aerobic treatment for the textile efﬂuent. ThepH6.4 (potentiometric
determination), indicates the necessity of adjustment for the fungal
optimal growth and consequent compounds metabolization.
High values of COD are commonly found in textile efﬂuent as a
consequence of dyeing process. Anastasi and co-workers (2012),
studying wastewater from the neutralization tank of textile indus-
try, observed values ranging from 278 to 400 mg/l of COD, at differ-
ent sampling periods (March, June and December). Once the
chemical oxidation rates of compounds are always more higher
than biological oxidation rates, COD for efﬂuents or wastewater
samples are always higher than BOD. Therefore, COD alone may
not represent an efﬁcient approach for the choosing of biological
treatment strategy. The relationship between BOD and COD
(BOD/COD ratio), is the most applied method for prediction of bio-
logical treatment strategy. In general, values varies from 0.4 to 0.8.
For the BOD/COD values higher than 0.6, efﬂuent is assumed as
biodegradable; BOD/COD lower than 0.3 indicates non-biologically
treatable efﬂuent. Value of BOD/COD of 0.47 corroborate with
those found by Borglin et al. (2004), indicating aerobic biostimulat-
ed treatment of efﬂuent.
Investigations on identity of dye present in untreated efﬂuent
and possible metabolic products were performed by a LC-MS/MS
system. Samples were withdrawn and analyzed before treatment
and after ten days of process. For the abiotic control (untreated
efﬂuent), efﬂuent treated by P. chrysosporium URM 6181, and efﬂu-
ent treated by C. lunata URM 6179, analysis produced, respectively,
strong signals (100% relative intensity) at mass per charge relation-
ship (m/z): 260.701; 260.787 and 260.756, which are very similar
and represents the [M2H]h form of structure of indigo (molecular
weight 262.270).
Additionally, sample of treated efﬂuent by P. chrysosporium
URM 6181 after ten days of process presented discrepant mass
fragment of m/z 276.504. According to the employed ionization
method (ESI) this fragment, which was not present in both
untreated efﬂuent, and efﬂuent treated with C. lunata URM
6179, indicates the presence of an different compound, which
represents possible [MH]h form of mono-oxidized indigo
structure.
The presence of this dissimilar fragment, suggests the addition
of oxygen atom (fragment m/z 16) to the indigo molecule, as a re-
sult of oxidation.
As a matter of fact, a possible degradation route for the indigo
dye was proposed by Campos et al. (2001) which shows probable
pathway for the oxidation of indigo to antranilic acid. According
to these authors, at the ﬁrst step of proposed route, two hydrogens
atoms (hydrogen connected to nitrogen of indol rings) are sub-
tracted from the indigo molecule and subsequently, occurs the
cleavage of indigo ring into two indol rings forming isantine, which
is hydrolised producing antranilic acid. Before the complete degra-
dation of indigo, the catalytic activity of laccases promotes the for-
mation of dehydroindigo, easily attacked by nucleophiles like
water molecules, leading to the incorporation of oxygen atoms,
forming, sequentially, two intermediate oxidized compounds, with
one and two oxygen atoms, respectively.
Fig. 1. (a) percentage of decolourisation of indigo by the fungus P. chrysosporium
URM 6181 and C. lunata URM 6179 in non-aerated bioreactor; (b) percentage of
decolourisation of indigo dye by the fungus P. chrysosporium URM 6181 and C.
lunata URM 6179 in a aerated bioreactor.
Fig. 2. Percentage of biodegradation of indigo dye present in textile efﬂuent after
ten days of treatment by fungus Phanerochaete chrysosporium URM 6181 and
Curvularia lunata URM 6179 in non-aerated bioreactor.
Fig. 3. Percentage of degradation of indigo dye present in the efﬂuent textile after
ten days of treatment by fungus Phanerochaete chrysosporium URM 6181and
Curvularia lunata URM 6179 in aerated reactor.
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Fig. 1(a) shows the percentage of decolourisation of the efﬂuent
containing textile indigo dye, along with ten days of treatment in
non-aerated bioreactors. Decolourisation proﬁles of the treated
efﬂuent with both P. chrysosporium URM 6181 and C. lunata URM
6179 strains were very similar. At the end of ﬁve days, decolouri-
sation percentages of about 69% and 68%, respectively, were ob-
served for both strains. At the end of ten days, approximately
95% of indigo was decolourised in the treated efﬂuent for both
fungi.
Decolourisation proﬁle of treated efﬂuent in aerated bioreactor
(Fig. 1b) showed different from that presented by non-aerated bio-
reactor treatment, mainly for C. lunata URM 6179 which presented
inferiors percentages of decolourisation. The P. chrysosporium URM
6181 strain demonstrated to be more able to decolourise efﬂuent
in aerated bioreactor, showing 48% of biodegradation at the second
day (against 35% in non-aerated bioreactor at the same period).
Efﬂuent was gradually bleached by P. chrysosporium URM 6181
strain reaching an decolourisation efﬁciency of 98% at the end of
the ten days of process; and the C. lunata URM 6179 strain demon-
strated a low decolourisation rate, reaching 93% of decolourisation
at the same period.
As described by many authors along the years, dye degradation
has been, usually, associated to decolourisation. Kuwahara et al.(1984) employing three treatments for degradation of polymeric
dyes, reported decreases in absorbance ratios associated with
metabolization of the dye; Niebisch et al. (2010) reported decolo-
urisation of 95% of Blue Reactive Textile Dye 220 after nine days
by ﬁlamentous fungi Lentinus crinitus cultivated in media contain-
ing glucose and ammonium oxalate.
Min et al. (2009) isolated Penicillium sp. from activated sludge
and tested its ability to degrade the dye reactive Brilliant Red 3-
XB. The authors report that the ability for decolourisation is asso-
ciated to the bio-adsorption process and mycelial growth. Barreto
et al. (2011) observed decolourisation of a mixture of textile dyes
containing Procion HE4R Yellow, Procion HEGN Blue and Procion
HE7B Red by the genus Ganoderma sp.
Biodegradation of indigo dye present in the efﬂuent was con-
ﬁrmed by high perfomance liquid cromatography (HPLC) using
an ultra violet (UV) detector. Fig. 2 shows degradation of indigo
dye promoted by Strains P. chrysosporium URM 6181 and C. lunata
URM 6179 in non-aerated bioreactor along with ten days of treat-
ment. Acording to the biodegradation proﬁle showed in Fig. 2,
P. chrysosporium URM 6181 strain promoted regular increases in
degradation until the end of ten days of process; and C. lunata
URM 6179 initiated degradation at the ﬁrst day, which remained
R.C.M. Miranda et al. / Bioresource Technology 142 (2013) 361–367 365constant until the sixth day, and subsequently, increasing again
until the end of ten days. This behavior observed to C. lunata sug-
gests diauxy phenomena, in which microorganisms use a more
available nutrient, and afterwards, induced enzymes are synthe-
sized and employed to metabolize a second substrate. In non-aer-
ated bioreactor, the biodegradation percentages of indigo dye by P.
chrysosporium URM 6181 and C. lunata URM 6181 were 63% and
67%, respectively, at the end of ten days of treatment.
Although the kinetic proﬁles of fungi were similar to the treat-
ment without aeration, biodegradation ability was enhanced for
both fungal strains in aerated conditions (Fig. 3). The P. chrysospo-
rium URM 6181 strain degraded 29% of dye at the ﬁrst day and 95%
after 10 days of process. The C. lunata URM 6179 strain showed
ability to degrade 58% of indigo dye at the ﬁrst day of process. Be-
tween the second and fourth day biodegradation was constant, and
increased slowly after ﬁve days reaching 96% at the end of process
(Fig. 3).
These results corroborates with Zhao and Hardin (2007) wich
observed 95% degradation of dyes ‘‘Disperse Orange 3’’ and ‘‘Dis-
perse Yellow’’ after ﬁve days of culture in shake ﬂasks at 30 C
and pH 5.0 by basidiomycetous Pleurotus ostreatus, employing
HPLC-UV techniques.
Enayatizamir et al. (2011) observed degradation of 92% in the
Azo Black Reactive 5 dye by P. chrysosporium after 3 days of treat-
ment. These authors suggest degradation by observing the
formation of new metabolites by thin layer chromatography
(TLC). Non-basidiomycetous fungi are also reported in the litera-
ture as dye degrading. Shedbalkar et al. (2008) after HLPC analysis
reported that Penicillium ochrochloronMTCC 517 demonstrated the
ability to degrade triphenylmethane dye under static condition, pH
6.5 at 25 C, producing metabolites observed by thin layer chroma-
tography analysis. Saratele et al. (2009) demonstrated the degrada-
tion of the dye ‘‘Navy blue HER’’ by fungus Trichosporon beigelii
NCIM-3326 after one day under static conditions employing HPLC
analysis for the identiﬁcaton of metabolic products from dye
degradation.3.3. Phenoloxidases activities
Table 1 shows the Lac, LiP and MnP activities of P. chrysosporium
URM 6181 and C. lunata URM 6179 at the end of textile efﬂuent
treatment in aerated and non-aerated bioreactors. Both fungi pre-
sented high activity of laccase but under different conditions:
2020 U/l for the P. chrysosporium URM 6181 in aerated bioreactor
and 2100 U/l for the C. lunata n non-aerated bioreactor. The activity
of MnP was more evidenced in treatment with C. lunata URM 6179
(484 and 474 U/l in aerated and non-arerated treatments, respec-
tively). Low LiP activity was observed for both fungi strains. Gomes
et al. (2009) reported activities of 8000 U/l for LiP and 7000 U/l for
MnP in treatment employing Lentinus strains, and 2000 U/l for Lac,
in tretament employing Coriolopsis byrsina. The authors attribute
this high enzyme activity for the addition of nitrogen in the med-
ium. Furthermore, Bonugli-Santos et al. (2010) demonstrated
the high production of Lac and MnP in culture medium containingTable 1
Enzymatic activity of Lac, LiP and MnP enzymes (expressed in unities per liter U/l)
produced by fungi P. chrysosporium URM 6181 and C. lunata URM 6179 at the end of
ten days treatment of textile efﬂuents in aerated and non-aerrated bioreactors.
Enzymatic activity
(U/l)
P. chrysosporium C. lunata
Aerated Non-aerated Aerated Non-aerated
Lac 2020 ± 33 1506 ± 28 1693 ± 41 2100 ± 31
LiP 39 ± 2 30 ± 3 45 ± 3 50 ± 4
MnP 392 ± 14 466 ± 18 484 ± 21 474 ± 16glucose and wheat bran. The fungus Mucor racemosus CBMAI 847
produces 898.15 U/l of laccase in medium containing 23% salinity
and 4.5 mg/ml wheat bran while Cladosporium cladosporioides
CBMAI 857 produces 4.63 U/l. Yang et al. (2011) evaluating the
degradation of lignin by Aspergillus sp. observed the activity of
MnP after seven days of incubation. Some authors have reported
diverging results, different from these found in current study. Bal-
drian et al. (2011) evaluating the Lac production by ﬁlamentous
fungi isolated from oak (Quercus petraea), observed that all isolates
tested showed non-detectable activity.
Regardless these differing values of ezymatic activities obtained
in different studies, Anastasi and co-workers (2012) studying the
effect of combined conventional and fungal treatment of textile
efﬂuent, observed good correlation between Lac/MnP activities
and dye degradation. According to these authors, the strains with
the highest decolourisation activities showed also the highest Lac
(Trametes pubescens) and peroxidase (Bjerkandera adusta MUT
2295 and Porosterium spadiceum) activities. Very high Lac activities
(820 U/I) values were also produced by the strain Trametes versi-
color which showed decolourisation efﬁciency of about 60% after
24 h of process. On the other hand, in the same work, a strain
belonging to the Phanerochaetaceae family (P. Spadiceum DP 81)
demonstrated low Lac and MnP activities (1.7 and 63.1 U/l, respec-
tively), when compared to P. chrysosporium URM 6181 (Lac 2020 U/
l and MnP 392 U/l, respectively) in current work.
3.4. Toxicity of treated efﬂuent
Samples of untreated efﬂuent and efﬂuent treated by the fungus
P. chrysosporium URM 6181 for ten days, promoted more losses in
chromosomes of Allium cepa root cells (ML), than those observed
for positive control (Triﬂuralin).
Furthermore, this treated efﬂuent also promoted a superior
number of ruptures in chromosomes (MB) as compared to positive
control. This behavior was not observed for the efﬂuent degraded
by C. lunata URM 6179 (Table 2). As a consequence, the calculated
Mutagenicity Idex (MtI) (Table 3) indicated the high mutagenic po-
tential of treated efﬂuent by P. chrysosporium URM 6181 after ten
days of treatment (comparable to the positive control), while the
untreated efﬂuent and efﬂuent treated by C. lunata URM 6179
did not showed such potential.
Micronucleous formation has been considered the most effec-
tive endpoint to analyze the mutagenic effect promoted by chem-
icals. Micronucleous results from damages wrongly repaired (or
not repaired) in the parental cells, therefore, micronucleous arise
from the development of some chromosome aberrations (CA), such
as, chromosome breaks and losses.
The mutagenic effects caused by efﬂuent treated with P. chry-
sosporium, 6181 is probably associated to the oxidized metabolite
found in this efﬂuent. Several authors have demonstrated that
some oxidized metabolic products from degradation of xenobiotics
can cause more toxicant effects than those observed for the origi-
nal compound (Alexander, 1994).
The treated efﬂuent with C. lunata URM 6179 after 5 days of
process, presented numbers of CA lower than the positive control
and untreated efﬂuent, which decreased in the samples of treated
efﬂuent after 10 days of process, denoting inexistence of aberra-
tions in the mostly of cases (Table 2).
The overall chromosomal changes found in this study were
chromosomal losses in metaphase, and chromosomal bridge for-
mation in anaphase, indicating aneugenic and clastogenic effects
caused by efﬂuent samples (Fernandes et al., 2007). According to
Fernandes et al. (2007), the bridges found in anaphasic chromo-
some are associated to structural changes occurred between
chromatids of a chromosome or between chromatides of two dis-
tinct chromosomes. Chromosomal adhesions are also common
Table 2
Number of chromosomal aberrations obtained in tests with Allium cepa in the studied samples. AB = anaphase with chromosome bridge; ML = metaphase with chromosome loss;
MA = metaphase with chromosome adhesion; MB = metaphase with chromosome bridge; TA = telophase with chromosome adhesion; TB = telophase with chromosome bridge;
TM = total mitosis cells; TCA = total of cells with chromosome aberrations. Repetition (Rep); negative control (NC); positive control (PC); untreated efﬂuent (UE). repetition (Rep);
negative control (NC); positive control (PC); untreated efﬂuent (UE); T5 = 5 days of process; T10 = 10 days of process.
Aberration Rep NC PC UE P. chrysosporium C. lunat
URM 6181 URM 6179
T5 T10 T5 T10
AB 1 0 10 12 1 6 2 0
2 0 10 7 1 7 1 1
ML 1 0 26 36 11 31 7 1
2 0 28 29 2 25 6 3
MA 1 0 28 0 0 2 0 0
2 0 8 0 0 0 0 0
MB 1 0 8 4 2 15 0 0
2 0 15 0 0 9 1 0
TA 1 0 14 6 4 10 4 2
2 0 13 6 4 9 5 0
TB 1 0 9 2 2 5 6 0
2 0 18 1 2 5 1 3
TM 1 273 281 367 248 219 245 254
2 331 282 281 215 272 306 333
TCA 1 0 95 60 20 69 19 3
2 0 92 43 9 55 14 7
Table 3
Mutagenicity Indexes of meristematic cells of Allium cepa exposed to treated efﬂuent by P. chrysosporium and C. lunata: repetition (Rep); negative control (NC); positive control
(PC); untreated efﬂuent (UE); T5 = 5 days of process; T10 = 10 days of process.
Rep NC PC UE P. chrysosporium URM 6181 C. lunata URM 6179
T5 T10 T5 T10
1 0 0.16⁄ ± 0.03 0.08 ± 0.01 0.04 ± 0.01 0.3⁄ ± 0.04 0.0 0.0
2 0 0.3⁄0.01 0 0 0.16⁄ ± 0.01 0.0 0.0
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These changes originate bridges and, consequently, chromosomal
ruptures (Marcano et al., 2004).
Leme and Marin-Morales (2009) analyzing the toxicity of water
samples from a river in the metropolitan region of São Paulo (Ri-
beirão dos Cristais), which received efﬂuent discharge from textile
industry, veriﬁed similar chromosomal changes i.e. ML, and AB.
Jadhav et al. (2007) studied the toxicity of textile efﬂuent un-
treated and treated by a bacterial consortium through the system
A. cepa, and observed a decrease in the efﬂuent genotoxicity.
Ruptures in chromosomes should also be classiﬁed as chromo-
somal aberrations (CA), as an evidence of direct action of a given
agent on the DNA molecule, promoting fragmentation. This frag-
ment will no longer have transcriptional function in cell (Leme
and Marin-Morales, 2009).
Results indicating increases in toxicity (and/or ecotoxicity) of
treated textile efﬂuent by fungal strains were also reported by
Anastasi et al. (2012). Basidiomycetaceous degradation products
seem to be more toxicants than the original compounds. This fact,
associated to the ability of C. lunata strain URM 6179, in current
work, for reducing the toxicity of efﬂuent, leads to further investi-
gations on the development of systems employing such strain.
4. Conclusion
Both systems employing C. lunata URM 6179 and P. chrysospori-
um URM 6181 proved to be effective for the treatment of textile
efﬂuent. Aerated static bioreactor system showed to be suitable
for reducing the dye in efﬂuent, presenting superior percentage
of decolourisation and biodegradation (98% and 96%, respectively)
when compared to non-aerated system (95% for both decolourisa-
tion and biodegradation). The C. lunata URM 6179 strain, particu-
larly, demonstrated to be more feasible in terms of reduction ofefﬂuent toxicity, when compared to P. chrysosporium URM 6181
strain. Formation of toxicant intermediate compounds is the main
disadvantage of P. chrysosporium URM 6181 strain.
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